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MECHANICAL PROPERTIES OF SKYLAB THERMAL
SHIELD MATERIALS AFTER PROLONGED
ULTRAVIOLET IRRADIATION
Carl L. Haehner and Charles L. Staugaitis
Goddard Space Flight Center
INTRODUCTION
On May 25, 1973, the Materials Engineering Branch and the Engineering Applications
Branch, both of Goddard Space Flight Center (GSFC), responded to an emergency request
from the Marshall Space Flight Center (MSFC) for support in testing Skylab's two thermal
shield materials. As illustrated in figure 1, the 200-pm (8-mil) sail material was used success-
fully to restore thermal control to the orbital workshop of Skylab after extensive damage
had occurred during launch to the original thermal control surfaces, including the loss of its
meteoroid shield. The 75-gm (3-mil) parasol material thermal shield, installed first, did not
provide sufficient thermal control. Both shields can be seen in figure 1, with the 200-gm
(8-mil) sail material on top.
A principal objective of the materials investigation was to determine the change, if any, in
the mechanical properties of the two types of complex laminated fabrics, referred to as
parasol and sail materials, after prolonged exposure to ultraviolet (UV) radiation.
This effort by GSFC represented only one part of the cooperative emergency testing pro-
gram, which also included the laboratories of MSFC, Lewis Research Center (LRC), and
of a contractor. At GSFC the Engineering Applications Branch conducted life tests on var-
ious samples of the two laminated materials, submitted by MSFC, under UV radiation. At
preselected intervals samples were removed for testing and for evaluating their mechanical
properties.
MATERIALS
The parasol material consists of one layer each of woven orange nylon, mylar, and aluminum.
The sail material has four layers; the top layer is of S-13-G thermal-control white paint and
succeeding layers are of woven orange nylon, aluminum, and mylar, in that order.
Microscopic examination of the woven fabric reveals the nature of the weave of the orange
nylon yarn. As shown in figure 2, there is a repeating pattern of what appears to be two
heavier yarns.
OUTGASSING TEST
It is the practice of the Materials Engineering Branch to first screen, from an outgassing
standpoint, all candidate materials for space applications. These tests are conducted in a
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Figure 1. The Skylab spacecraft with two thermal shields installed in orbit after the meteoroid
shield and one solar paddle were torn off during a launch mishap. The rectangular shield of white-
painted 200-lim sail material is on top. Two corners of the shield made of orange 75 tm parasol
material, installed earlier, are visible.
vacuum (1.33 X 10-4 N/m 2 (z 10-6 torr)) over a 24-hour period with a substrate tempera-
ture of 398 K (125 0 C) and a collector temperature of 298 K (25 0 C). Acceptable poly-
meric materials are those which exhibit a total weight loss of 1 percent or less and a vola-
tile condensable materials profile of 0.1 percent or less. These outgassing results are pre-
sented below.
Total Weight Volatile Condensable
Material Loss, Materials,
Percent Percent
Parasol 1.024 0.012
Sail 0.970 0.220
S-13-G Paint 0.795 0.229
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Top, 7X magnification. Note the 0.36
cm (0.14-inch) square grid pattern,
framed by two heavier yarns.
Center, 14X magnification. One
of the grids, with corners marked
by arrows.
Left, 44X magnification. This shows
the two sizes of yarn with the two
heavier yarns, indicated by arrows,
running vertically.
Figure 2. Three magnifications of the 75-pm orange-colored nylon parasol material, showing the weave
and nature of the pattern. The warp direction is vertical in the photographs.
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These tests indicated that the parasol material was marginally acceptable, and that the sail
material was not acceptable, due to its relatively high 0.22-percent VCM. A sample of the
white paint was stripped from the nylon and also tested, and it was evident that this paint
was the predominant contributor to the observed high VCM exhibited by the sail material.
ULTRAVIOLET THERMAL VACUUM TEST
In addition to the outgassing tests, other samples of both parasol and sail materials were
exposed to varying levels of UV radiation in a thermal vacuum chamber, in order to simu-
late the space environment. In all exposures a xenon solar simulator was utilized, with the
incident intensity approaching maximum values of 2.5 solar constants. Sample temperature
was maintained below the specified 393 K (120 0 C) limit throughout the test.
After receiving the prescribed amounts of UV exposure measured in equivalent sun hours
(ESH), samples of the two materials were removed periodically for evaluation of their
mechanical properties. Optical property determinations were performed by the Engineering
Applications Branch, GSFC.
Figure 3 shows one of the parasol material samples after an exposure of 2350 ESH, as it
was received from the thermal vacuum chamber and just prior to being cut into tensile test
samples. The appearance is typical of the parasol material; the circular, irradiated zone
shows the extent of the discoloration as viewed from the irradiated, orange nylon side. The
irradiated zone indicates the peripheral gradation produced by the UV source. Sail material
samples were similarly exposed, on the white paint side, which was laminated to the orange
nylon. No visually detectable discoloration was evident in the sail material.
TENSILE TESTS
The segments exposed to the UV radiation were subdivided into strips 2.54 cm (one inch)
wide, as indicated in figure 2. Similar samples were cut from all submitted materials in
both the machine (warp) and transverse (woof or filled) directions. The static tensile tests
were made with a testing machine, operating at a constant crosshead speed of 0.508 cm
(0.20 inch) per minute. The 5.08-cm (two-inch) gage sections, lettered A, B, and C, are
the parts actually pull tested in the machine. Total elongation over the original gage length
was obtained for all samples, with ultimate breaking load determined in newtons per
cm width. In this same sample, sections A and B appeared to be more uniformly irradiated,
while section C received the least amount of radiation.
Static tensile results for the parasol and sail materials are presented in tables 1 and 2,
respectively. Graphical plots of the parasol data are presented in figures 4 and 5 and sail
data are presented in figures 6 and 7.
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Figure 3. The darkened irradiated zone of the 75-pm parasol material after 2,350 equiva-
lent sun hours of UV radiation in vacuum (full size). Below, the method in which test
strips were cut lengthwise from the irradiated area. The A, B, C areas were the parts pull
tested.
Table 1
Static Tensile Properties, 75-pm (3-mil) Skylab Fabric, Parasol Material
Test Temperature Breaking Load Elongation*
Condition oK (oC) Newtons/cm width (%) Remarks
MACHINE DIRECTION
As received 296 (23) 93.5 27.8 Average of 3 samples
Control**, 400 VEH 296 (23) 89.7 27.6 Average of 4 samples
Nylon irradiated, 400 ESH 296 (23) 65.8 20.1 Average of 3 samples
Control, 709 VEH 296 (23) 86.7 27.3 Average of 4 samples
Control, 709 VEH 173 (-100) 126.1 25.0 Single sample
Nylon irradiated, 709 ESH 296 (23) 46.2 15.4 Average of 2 samples
Nylon irradiated, 709 ESH 173 (-100) 49.9 9.0 Single sample
TRANSVERSE DIRECTION
As received 296 (23) 97.2 35.8 Average of 3 samples
Control, 365 VEH 296 (23) 94.7 36.1 Average of 3 samples
Nylon irradiated, 365 ESH 296 (23) 79.3 26.1 Average of 3 samples
Nylon irradiated, 365 ESH 173 (-100)' 71.8 10.0 Single sample
Control, 709 VEH 173 (-100) 143.6 30.0 Single sample
Control, 2350 VEH 296 (23) 93.9 34.5 Average of 2 samples
Control, 2350 VEH 173 (-100) 118.0 21.8 Single sample
Nylon irradiated, 2350 ESH 296 (23) 59.2 20.6 Average of 2 samples
Nylon irradiated, 2350 ESH 173 (-100) 57.4 7.8 Single sample
*Elongation was determined from a 5.08 cm gage length.
**Control Sample: Sample was cut from material exposed to vacuum but not irradiated.
ESH = Equivalent Sun Hours
VEH = Vacuum Exposed Hours
Table 2
Static Tensile Properties, 200-m (8-mil) Skylab Fabric, Sail Material
Test Temperature Breaking Load Elongation*
Condition OK (°C) Newtons/cm width (%) Remarks
MACHINE DIRECTION
As received 296 (23) 78.8 23.9 Average of 4 samples
Mylar irradiated, 50 ESH 296 (23) 80.4 25.7 Average of 3 samples
Mylar irradiated, 100 ESH 296 (23) 80.6 23.6 Average of 3 samples
Paint irradiated, 400 ESH 296 (23) 85.5 26.0 Average of 2 samples
Control**, 400 VEH 296 (23) 82.3 25.0 Single sample
Control, 1920 VEH 296 (23) 89.0 27.0 Single sample
Control, 1920 VEH 173 (-100) 113.8 17.9 Single sample
Paint irradiated, 1920 ESH 296 (23) 80.7 26.5 Single sample
Paint irradiated, 1920 ESH 173 (-100) 90.2 12.2 Single sample
TRANSVERSE DIRECTION
Paint irradiated, 400 ESH 296 (23) 90.7 43.0 Average of 2 samples
Control, 400 VEH 296 (23) 92.5 45.0 Single sample
Control, 1920 VEH 296 (23) 92.5 41.4 Single sample
Control, 1920 VEH 173 (-100) 131.3 25.6 Single sample
Paint irradiated, 1920 ESH 296 (23) 88.6 40.8 Average of 2 samples
Paint irradiated, 1920 ESH 173 (-100) 96.7 17.8 Single sample
*Elongation was determined from a 5.08 cm gage length.
**Control Sample: Sample was cut from material exposed to vacuum but not irradiated.
ESH =Equivalent Sun Hours
VEH = Vacuum Exposed Hours
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Figure 4. Tensile test results of Skylab's parasol material, machine
direction, compared with exposure to UV radiation.
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Figure 5. Tensile test results of Skylab's parasol material, transverse
direction, compared with exposure to UV radiation.
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Figure 6. Tensile test results of Skylab's sail material, machine direction,
compared with exposure to UV radiation.
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Figure 7. Tensile test results of Skylab's sail material, transverse direction,
compared with exposure to UV radiation.
As indicated in figures 4 and 5, the parasol laminate showed a decrease in ultimate tensile
strength after being irradiated from the orange nylon side. This strength reduction became
greater with time of exposure in both the machine and transverse directions. Strength
reductions at room temperature for the machine direction totaled 51 percent after 709 ESH
and 39 percent after 2350 ESH for the transverse direction.
Elongation of the parasol samples also decreased as the irradiation exposure time increased.
As would be expected, the elongation was greater in the transverse direction than in the
machine direction. This is explained in part by the weaving pattern employed; the warp
fibers are essentially held taut in contrast to the fill fibers, which in their undulating pat-
tern travel a greater distance and hence are longer per unit fabric length. The elongation
measurements for the machine direction decreased 45 percent after 709 ESH, and for the
transverse direction 42 percent after 2350 ESH.
In the case of the sail laminate, figures 6 and 7 show that little change in strength or
elongation was noted throughout the 1920 ESH exposure. Samples of this material were
irradiated from the mylar side as well as from the white paint side. Nominal breaking strength
levels are 82 and 91 N/cm width (47 and 52 pounds/inch width), and total elongation values
are 25 percent and 43 percent, respectively, for the machine and traverse directions.
LOW TEMPERATURE TESTS
Limited low temperature tests were also performed at 173 K (-1000 C) on both thermal
shield materials. Samples were prepared in both weave directions, that is, in the machine
and transverse directions.
In general, substantial increases in breaking strengths with corresponding decreases in
elongation were observed at the low temperatures, in comparison to the room temperature
values. These limited results suggest also that the low temperature properties are detrimen-
tally affected by long term irradiation. Values given in tables 1 and 2 show that for each
sample irradiated the strength and elongation dropped. The change was greater for the
parasol material than for the sail material.
CONCLUSIONS
1. Tensile strength of the as-received parasol material was unaffected by sample orienta-
tion. There was a modest difference in elongation values, which was attributed to the
nature of the orange nylon weave pattern.
2. Irradiation significantly affected the mechanical properties of the parasol material.
Strength and ductility continued to decline with increased exposure times, this
reduction being in the order of 40 percent after 2350 ESH in the transverse direction.
Earlier tests showed a 50-percent reduction in the machine direction after 709 ESH.
3. Temperature has a significant effect on the strength properties of both materials,
lower temperatures in general strengthening the materials. Irradiated samples appeared
to be more affected by low temperature than samples not subjected to UV radiation.
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4. The influence of vacuum on both laminate materials appeared to be negligible regardless
of sample orientation.
5. Mechanical properties of the sail material in both orientations remained essentially
unchanged after exposure.
6. The unirradiated but vacuum-exposed sail material appeared to exhibit more
mechanical anisotropy than did the parasol material. Transverse strength of the sail
material was about 12 percent higher than the value measured in the machine direc-
tion. Similarly, transverse elongation was about 44 percent greater than machine
direction elongation.
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